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STATUS OF REPORTS: 

T h i s  progress report  covers the  research performed from March ls t ,  

1964, t o  June l s t ,  1964, under NASA Contract NAsw-879 by the  Research 

Laboratories of the  Wilmot Castle Cmpany. 

Previous Progress Reports on this  Contract were: 

Progress Report No. 1 issued December lst, 1963 and 

Progress Report No, 2 issued March lst, 1964 

STATUS OF RESEARCH ACTIVITIES: 

The research a c t i v i t i e s  for t h i s  period have been concerned 

These wi th  the spec i f i c  work object ives  as previously outlined. 

studies have been continued without any unusual problems. 

I 
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CURRENT RESEARCH ACTIVITIES REPORTED ON HEREIN INCLUDE: 

The current research ac t iv i t i e s  which were continued o r  

i n i t i a t e d  during the period covered by t h i s  report include: 

I. Studies on the dry heat resistance of microorganisms: 

1) recovered from air  s'amples. 

a) on membrane f i l t e r s .  

b) on g l a s s  p e t r i  plates and microscope s l ides ,  and i n  
I 

jars. 

c) i n  l iquid impingers, then concentrated on membrane 

f i l t e r s  and dried. 

2) added t o  s t e r i l e  kaolin. 

3) i n  various heated gaseous atmospeeres, both non-circulating 

and circulat ing gases including air ,  nitrogen, and helium. 

. . 4 )  encapsulated i n  so l id  materials such as plaster of P a r i s  

and dental die materials. 

11. Studies on components: 

1) demonstration of s t e r i l i t y ;  o r  determination of the approx- 

imate level  of contamination. 
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RESULTS OF CURRENT RESEARCH ACTIVITIES: * 

1. Studies on the dry heat r e s i s t a x e  of znisroorganisms: 

1) recovered from air  samples: 

a) on membrane f i l t e r s  .I 

I 

The sampling frequency has been increased, and the 

collection times have been extended t o  30 days. Data 

is  incomplete a t  this t i m e . ,  

.b) on glass  p e t r i  plates,  on microscope s l ides ,  o r  i n  jars 

Sedimentation samples on petri plates have been col lected 

fo r  t i m e s  up t o  4 months. 

approximately 200 spores per  p la te  fo r  that  time. 

Assay indicates levels of 

Samples 

fo r  similar time periods are 'being collected on s l ides  

and i n  jars. 

. ' - 

c) i n  l iquid impingers, then concentrated on membrane f i l t e r s  

and dried 

Assay of these f i l t e r  pad halves have indicated tha t  as 

many as 100 spores p e r  pad have been collected i n  3 hours: 
3 at a sampling ra te  of 1 f t  /hr; 

I 

These preliminary r e su l t s  are not s ignif icant ly  d i f fe ren t  from 

those reported ea r l i e r .  

drawn up and incorporated i n  the f i n a l  report. 

A summary of a l l  data obtained w i l l  be 
f 

L 

, 



I 
I 

-4- 

I 
I 

I. 2) added t o  s t e r i l e  kaol in ,  

Preliminary screening of the resis tance of Baci l lus  s u b t i l i s  

var .  niger  spores i n  kaolin w a s  performed on samples prepared 

as follows. 

a) - B. s u b t i l i s  var: niger  spores,  which had been held i n  

HCL at  pH 4.5 f o r  1 hour w e r e  added t o  the steri le 
1 kaol in  . 0. lg  samples of t h i s  preparation w e r e  not  

s t e r i l e  a f t e r  1 hour treatment i n  dry hear at 135 C but 

were s t e r i l e  a f t e r  2 hours, when cul tured i n  t ryp t i case  

0 

soy broth. 

b) - B. s u b t i l i s  var. niger spores which had been held i n  

HCL at pH 4.5 f o r  1 hour then held i n  a Ca(OH)2 so lu t ion  

a t  pH 10 f o r  1 hour w e r e  added t o  s t e r i l e  kaol in ,  0.lg 

samples of t h i s  preparation were not  steri le a t  0.5 hours 

treatment i n  dry heat but were sterile a f t e r  1 hour, when 

cul tured i n  t rypt icase soy broth. 

c) - B. s u b t i l i s  var. niger spores (untreated) were addgd t o  

s t e r i l e  kaolin.  0.lg samples w e r e  not sterile a f t e r  1 hour 

treatment i n  dry heat at  135OC but w e r e  s ter i le  a f t e r  2 

hours when cultured i n  trypticase soy broth.  

. 

1. The kaol in  w a s  s t e r i l i z e d  uy heatAng a t  17OoC f o r  two 24 hour 
periods,  Culture t e s t s  i n  t ryp t icase  soy broth indicated no con- I tamination present.  

I 

I 
I 
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It must be mentioned that at this time no attempt was made to 

t: L A L A a t z  tr the preparations to establish their ionic nature or exchange 

ability. 

screened for their resistance. 

not alter the nature of the preparations, ie. alter the resistance 

in any way, and since no significant difference in heat resistance 

The preparations were merely treated as noted above and 

Assuming that such treatments did 
2 

was found such work will be discontinued at this time. Since kaolin 

is reported to have a very slight ion exchange capacity it might be 

more rewarding to choose a material with greater capacity for any 

future investigations. 

I 



I. 3)  in various heated gaseous atmospheres, both non-circulating . 

and circulating gases including air, nitrogen and helium. 

A comparison was made of the resistance of dry spores of - B. 
subtilis var. niger and - B. coagulans on paper strips exposed to 
flowing heated air and nitrogen at 125OC. The same spores were 

exposed in a non-flowing gaseous atmosphere in the copper-U-tube 

system described in progress report No, 2. Preliminary results 

indicate that the flowing heated gases and gases under a slight 

pressure (when air was replaced with the gas of choice then the 

closed system was heated) kiiled many t - b e s  imre crgmisms than 

when the spores exposed to the gas of choice for a similar 

period with equilibration to atmospheric pressure. (Tables 1 and 

. 

2) I 

There also appeared t o  be very little difference in the 

sporicidal effect of nitrogen as compared to air or helium on the 

species of dry bacterial spores employed under similar conditions. 

. 

. 
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I. 4) encapsulated i n  s o l i d  materials such as p l a s t e r  of Pa r i s  and 

dental, d i e  materials: 

A paste of spores of - B. s u b t i l i s  var:niger and - B. coagulans 

w a s  made using p l a s t e r  of P a r i s ,  patching cement, and various denta l  

mater ia ls .  

rubber mold. The t a b l e t s  were allowed t o  harden and w e r e  desiccated. 

The res idua l  moisture ranged from 6 t o  15% by weight depending 

upon the compound. 

Small t a b l e t s  $bout 3/8 inch i n  diameter w e r e  cast i n  a 

Each t a b l e t  weighed approximately 0.33g. 

Replicate samples were t rea ted  i n  test tubes i n  the heated 

aluminum block. Tablets with thermocouples formed i n t o  t h e m  w e r e  

a l so  t r ea t ed  and the temperature recorded. 

All samples are assayed fo r  s t e r i l i t y  by placing them i n  e i t h e r  

tryptone glucose yeast  ex t rac t  broth f o r  recovery of B. s u b t i l i s  var. 

n iger  and t ryp t i case  soy broth f o r  recovery of B. coagulans. 

- 
The - 

samples usually d is in tegra ted  upon standing i n  the  broth. Any l a rge  

p a r t i c l e s  remaining i n  the tubes a f t e r  2 weeks of incubation were 

broken up using a s ter i le  glass  rod, and the  tubes w e r e  incubated f o r  

2 addi t iona l  weeks. 

second incubation w e r e  inoculated with v i ab le  spores of the  test 

organism t o  demonstrate lack of i nh ib i t i on  of the  compounds. t 

Tubes giving no evidence of growth a f t e r  the 

The t i m e s  f o r  s t e r i l i z a t i o n  are l i s t e d  i n  t a b l e  3. Some of these 

preparations 

i n  o r  on any 

are the  most r e s i s t a n t  ye t  found f o r  any known organism 

known carrier. It takes 2 - 4 times longer t o  s t e r i l i z e  
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the same levels of spores for both organisms in all of the various 

materials chan on paper strips. There apparently is no correlation, 

at least at this point, between the amount of residual moisture in 

ehe various compounds and the time required to sterilize. 

l a g  in heat penetration is neglible in relation to the over-all 

Since.the . 

cycle (10 min or less for all temperatures employed) the increase 

in resistance could only result from the alteration of the physical- 

chemical environment of the spores. 

Additional experiments are underway to determine the times, at 

115, 125, and at 135"C, required t o  steriiize identical smples 

possessing other levels of the same organisms. Attempts to define 

and equate the time-temperature cycles will then be undertaken. 

Since D values reflect differences in the resistance of organisms 

independent of the concentration, additional samples will be run to 

calculate reliable D values for each system. 

! 
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11. Studies on components: 

1) demonstration of sterility or determination pf the 

approximate level of contamination: 

It was previously reported that most of the commercial electronic . 
components assayed for levels of contaminating organisms were found 

not to be sterile even as a result of various dry heat treatments. 

It was indicated in that report that very strict aseptic technique 

was observed. Recent evaluation of those techniques has indicated 

that the contamination could be actual, if re-contamination was 

responsible. 

51 pairs of electronic components supplied by NASA. 

that in lieu of plate counts, the componen'ts would be broken into 

very small pieces with hand tools, each piece inoculated in the 

original tube of medium and a one ml aliquot would be withdrawn and 

transferred to a second tube of sterile medium right in the plastic 

isolator. 

an estimate of the level of viable contaminating organisms, might 

This was confirmed prior to initiation of assays on 

It was decided 

This would serve as a tube dilution sequence from which 
I 

be made. 

The controls performed in the operation of each individual 

isolator (ie. for each individual component) included: 

1. Sterility tests on isolator 

a) sterilization indicators - seven spore strips in glassine 
envelopes were placed at various sites on the plastic 

isolator prior to the admission of gaseous ethylene oxide 
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. 
as follows: 

a) 1 - on the external  s ide  of exhaust f i l t e r  which 

is  covered with tape during s t e r i l i z a t i o n .  

b) 4 - on i n t e r i o r  top, :bottom, f ron t  and rear w a l l s  
I 

of i s o l a t o r  . 
c) 2 - i n  f ingers  of each glove. 

b) swab s t e r i l i t y  t e s t  on various i n t e r i o r  surfaces  of the 

p l a s t i c  i so la tor .  

c )  contact test for  s t e r i l i t y  of glove f ingers  - by dipping 

f ingers  i n  bottle contaiiiing sterile cillturz broth.  

2. s t e r i l i t y  tests on incoming f i l t e r e d  a i r  

a) by opening tube o r  b o t t l e  of s t e r i l e  medium during 

aerat ion cycle.  

b) by cont inual ly  bubbling the a i r  through a midget l i qu id  

impinger containing s t e r i l e  broth during the t e s t i n g  

phase. 

3. s t e r i l i t y  t e s t s  on instruments o r  too ls  were performed by 

dipping, r insing,  o r  swabbing them i n  steri le media both 
# 

pr io r  t o  and a f t e r  use. 

4. Surface s t e r i l i t y  of one of the  pair of components w a s  

determined by immersing it completely i n  a tube o r  b o t t l e  

of s t e r i l e  broth pr ior  t o  assay of the  i n t e r i o r  of the 

second component. 
n 
-d 

5 .  Growth-support test on medium using a test organism t o  
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demonstrate that no inhibition had occurred due to 

residual ethylene oxide. Similar inoculation tests were 

performed on all tubes containing broken up pieces of 

components after it had been established that there was 

no growth due to inherent contamination in or on that 

component. The inoculum employed was approximately 100 

8 . 

spores of Bacillus subtilis var. niger. Several instances 

of inhibition due to components or their materials have 

been observed. 

6 .  Steriiity test and ~ ~ l i i ~ t i ~ i ~  of the cmponent itself. 

The component was destroyed by employing hand tools. 

pieces were then cultured in trypticase soy broth at 32 C. 

I 

These 
0 

If no turbidity developed within two weeks, aliquots of 

the tube containing the original dilution were examined 

microscopically for microbial cells. Concurrently a 

subculture of the original tube was made onto TGYE agar 

slants and incubated for two weeks at 32OC. A sample 

not indicating growth in all tests was considered to have 

no residual viable microorganisms. A l l  tubes were then 

inoculated with approximately.100 spores of B. subtilis - 
var . niger to demonstrate the growth supporting ability 
of the medium. If any culture tube possessed or developed 

turbidity, it was subcultured onto TGYE agar slants and . 
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a s l i d e  made t o  determine whether the  tu rb id i ty  was 

t r u l y  due t o  growth of microorganisms. Assays compiled 

so  f a r  on one each of 24 pairs of components and ind ica t e  

t h a t  2 (a r e s i s t o r  and a capacitor) w e r e  not  s t e r i l e  

i n t e rna l ly .  The leve l  of v iab le  contaminating organisms 

w a s  low since growth w a s  observed i n  the  o r i g i n a l  cu l tu re  

tube but not i n  the d i lu ted  (one m l  a l iquot  t r ans fe r )  

tube. With the  controls employed, i t  can be r e l i a b l y  

assumed t h a t  these components w e r e  not i n t e r n a l l y  s te r i le .  

Results on individual components are being tabulated 

and w i l l  be included i n  the  f i n a l  repor t  upon completion 

of t h i s  phase. 

, 
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TABLE 1 

Prei iminziry observations CT, t h e  s r b e r  of dry s p o r e s  cf B a c i l l u s  

s u b t i l i s  v a r  n i g e r  on paper  s t r i p s  s u r v i v i n g  l25OC i n  v a r i o u s  
I 

gaseous  envi rorments .  

Treatment  
Gaseous Type of U n i t  T h e  Number of S u r v i v o r s  

Environment employed (hr) ( organisms/s  t r i p )  

NONTURBULENT 

A I R  

AIR 

NITROGEN 

aluminum 
block 

Copper U-tube 

0 ( C o n t r o l )  

314 

1 

314 

TURBULENT ( FLOWING ) * 

Copper U-tubing 

Copper U-tubing 

112 

314 

1 

1 

3.3 107 

1.5 x 107 

5 x io6 

1.4 x 107 

4 lo4 

- 1 x 102 
< 102 

-2 x 102. 

* Flow ra te  of gas was 2.5 CFH 
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P r e l i n i n a r y  o b s e r v a t i o n s  on the n m b e r  of d ry  s p o r e s  of S a c i l l u s  

cozgulaf is  on paper  s t r i p s  s u r v i v i n g  125OC i n  v a r i o u s  gaseous 

environment.  

Treatment  
Gaseous Type of L'nic Tiine Number of S u r v i v o r s  

Environment emp 1 o y ed  .( nr ) , (organisms/strip) 

A I R  

~ ~ O X T U ~ J ~ L E N T  

c y l i n d r i c a l  0 (Cont ro l )  6 x 106 

b lock  1/2 2 x 106 
aluminum 

copper  U-tube 1 /2  (ven ted  t o  2.6 x 106. 
2 t m o  s p h e r e  ) a 

1 / 2  ( s e a l e d ) b  2.0 x 103 

I-1/2 (vented  t o  2.6 104 
I 

atmosphere)  

NITROGEN copper  U-tube 1 /2  ( s e a l e d )  3.5 103 . 

HELIUN copper  U-tube 1 /2  ( s e a l e d )  4.9 x 103 

TURBULENT (FLGWING ) 

A I R  copper  U- t ube  1/2 

copper  U-tube 1/2 I 

1/2 NITXOGEN copper  U-tube 

( a )  s o  that EO p r e s s u r e  would develop 
( b )  2 s l i g h t  p r e s s u r e  cou ld  develop upon h e a t i n g  the sealed unicc 
( c )  flow 05 gas w a s  2.5 CFM 
( d )  flow of gas was 25 C M  
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Appendix - A 

In addition to the activities reported herein, a summary of the 

thermal death time curves which could be drawn at this time based 

on past and current data developed in this program, was made and 

forwarded to Dr. Carl W. Bruch of NASA's Office of Space Sciences 

and Applications, Biosciences Program Division, Exobiology as per 

his request of June 3rd, 1964. 

This summary is included in the following figure. The curves 

represent thermal death time values determined by the partial 

survival technique and are plotted here in'the usual manner, ie., 

the longest time positives and the shortest time negatives, and 

then the TDT curve was obtained by drawing lines connecting these 

points and then the curve between them. 

which these curves were based: 

The level of organisms upon 

a) Bacillus subtilis var. niger 

b) Bacillus stearothermophilus 

c) Bacillus coagulans 1x10 spores/paper strip - 
d) 0.lg samples of FG soil 

1x10~ spores/paper strip 

1x10 6 spores/paper strip 
8 

mesophilic aerobic spore level 3x105 spores/O. lg sample 

A l l  of the pure cultures of spores were assayed for sterility in 

trypticase soy broth and the soil samples were assayed in thiogly- 

collate broth and tryptone glucose yeast extract broth (TGYE). An 

incubation temperature of 32OC was employed for all samples. except 

those of B. stearothermophilus and B. coagulans which were incubated 

at 55OC and 37OC., respectively. 

- - 
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